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Introduction 
The sympathomimetic amines are stil one of the primary forms of therapy in the low 
cardiac output syndrome5l13l 19), severe heart failure1l3l, and other conditionsl9l25l. The 
hemodynamic actions of dopamine, two synthetic catecholamines have be巴n,extensively 
investigated in recent years7110l12'21'22'26l. Dopamine, the third endogenous catecholamine 
and the immediate precursor of norepinephrine, also has unusual cardiovascular actions that 
appear to be due to its effect on a specific vascular receptor4l6lIGl. It increases myocardial 
contractility and heart rate by direct action onβ－adrenergic receptors, but it stil produces 
ventricular arrhythmia16>. Dobutamine is a new synthetic sympathomimetic amine developed 
in an effort to obviate the deleterious effects associated with current available inotropic 
agents24l Recent studies indicate that it dramatically improves cardiac output with relati-
vely litle chronotropic or peripheral vascular effect11l18'. However, it differs from dopamine 
that it does not selectively dilate the renal vascular bedsmzzlー Thereis no report, as far as 
we know, on the hemodynamic effects of these two agents in states of S A node dysfunc-
tion. Experimental injury of the S-A node resulted in a low cardiac outpput state. Dobuta-
mine and dopamine were then injected intravenously in various concentrations. The 
purpose of the present study is to compare in a group of dogs with experimental S-A 
node injury the degree of functional cardiovascular response to these two agents2l. 
Meterials and Methods 
Ten mongrel dogs weighing 7.5-14.5 kg. were anesthetized with intravenous Nembutal 
(25-30mg/kg). Each dog was ventilated with room air via an endotracheal tube attached 
to a Harvard pump respirator. A control electrocardiogram was recorded continuously. 
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Location of S-A node dotted line A was proposed 
by Keith & Flack in 1907, closed circle B by Lewis in 
1925, opened circle C & D by Koch & Bachman in 
1911 and 1923, respectively. 
Electrocauterization was performed over the dotted area 
shown in the figure. 
S. V. C.=Superior Vena Cava 
I. V. C.=Inferior Vena Cava 
Ao=Aorta 
P. A.=Pulmonary Artery 
R. A.=Right Atrium 
R. V.=Right Ventricle 
Fig. 1. Experimental injury of S-A nobe by 
The chest was then opened via a 
right thoracotomy through the 3rd or 
4th intercostal space. The lung was 
retracted backwards. The pericardia! 
sac was opened in front of the 
phrenic nerve and retracted with stay 
sutures. Femoral arterial pressure was 
recorded through a fluid-filled catheter 
which had been tuned and optimised 
to promote linear frequency responses 
up to 16 Hz. Left ventricular pressure 
was measured with Statham’s physiolo-
gical pressure transducer (model no. 
SF 1) which was directly inserted 
into the left ventricle through an 
incision wound at the apex. These 
frequency responses have been shown 
to pτovide data necessary to obtain 
high quality dp/dt measurements. All 
of the transducers were conected to 
a SAN-EI Polygraph PH 41・6which 
gives a continuous display and can 
be pushed to record when necessary. 
Central venous pressure was set up 
through the right external jugular vein. 
Cardiac output was measured by 
electrocauterizat1on Statham’s electromagnetic flowmeter 
(model SP-201) with its probe placed around the ascending aorta. A Neo-med solid state 
electrosurgery model 3000 (15 V AC 50/10 Hz 15A) was us巴d.Electrocauterization was 
performed with a coagulation power of 20 joules around the junction of the superior vena 
cava and the right atrium which produc巴d a visible area of cauterization about 0.5 to 
1.0 cm in diameter (Fig. 1). After an inverted P wave, a junctional rhythm and /or a 
slower sinus rate was recognized in the ECG, al measurem巴ntswere recorded (Fig. 2). 
Dobutamine and dopamine (5, 10, 15, 20, 30, 40, and 50 μg/kg/min) were given, each 
dose level for 15 minutes, starting with either drug in random order with equilibrium 
intervals of at least 15 minutes between the different drug infusions. 
Results 
The cardiac output change is shown in Fig. 3. The percentage change was calculated 
and drawn on a plotgram. Nearly al of the lines rise and fal in a linear way. 
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a〕Control




I aVR ’a VF 
間 」 1い『ふ
FAP ‘ 
a) Before S-A node injury. 
b) During dopamine infusion after S-A node injury. 
ECG shows inverted P wave and slower heart rate. 
ECG : Electrocardiogram 
F AP : Femoral Arterial Pressure 
L VP: Left Ventricular Pressure 
The heart rate was more 
stable with dobutamine than with 
dopamine (Fig. 4), though nei-
ther of them caused severe tachy-
cardia. Sinus tachycardia was 
observed in the group without 
S-A node injury. However, tachy-
cardia of ventricular origin (some-
times multifocal) were observed 
in the group with S-A node 
miury. 
The systolic pressure changed 
in a rather steady and linear way 
in the dogs infused with dobuta-
mine in both the controls (the 
same dogs before injury of the 
S-A node but after opening of 
the chest and pericardium) and 
the S-A node injuried group. 
(Fig. 5). 
All values were examined 
statistically (Table 1-6). Most of 
these results are statistically signi-
ficant. All t-test compared effects 
of dopamine and dobutamine in 
Fig. 2. Measurements before and after S-A node injury the same group. The statistical 
with an example of dopamine infusion analyses were performed using 
paired data t test by difference method, and a p value of less than 0.05 was taken as 
indicative of statistical significancez'. 
As mentioned above, drug induced cardiac arrhythmias especially of ventricuar origin 
were recognized in the group with S A node injury, but dopamine seemed to cause them 
more earily, either with respect to drug dosage or frequency and or severity of arrhythmia. 
The dosage effect was about twofold; i. e. dopamine 15 μg/kg/min was equivalent to 
dobutamine 30 μg/kg/min. Normal rhythm was restored after discontinuing the intravenous 
infusion for several minutes (Fig. 6). However, in cases of severe arrhythmia, administration 
of lidocaine 3 mg/kg in bolus injection was necessary within 30 to 60 seconds after the 
bolus injection, a decrease in the ventricular irritability was usually observed. Sometimes 
lidocaine was used continuously in the intravenous drip to control the arrhythmia caused 
by these two agents. Lidocaine was very effective against ventricular arrhythmias especially 
multifocal ventricular extrasystoles and ventricular tachycardia. 
T<lble 1 Change of cardiac index (before S A node injury) 
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BSA (Body surface area〕ofdog=0.112×や（BW kgl2 
(from “The estimation formulae of the body surface area of the Japanese dog.》’ byN. Shiraishi, et al. in Nisin lgaku 43 
本 p>0.05,not significant 料 .pく0.05,significant 
t test betw田 ndopamine and dobutamine in the same group (comparison of paired data by the t test, difference method and a value of less 
than 0.05 was taken as indicative of statistical sigificance) 
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llp : <lopιamine 
20：’g/kg/min 
30：’g kg min. 
40：’g ’kg 1m111. 
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Table 3 : Changes in heart rate〔beforeS-A node injury) 
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Op dopamine Db dobutamine t-test al significant 
Table 4 ; Changes in heart rate〔afterS-A node injury) 
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Table 5 : Changes in blood pressure (before S-A node injury) 
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Table 6 . Changes in blood pressure (after S-A node injury〕
¥ I [Mean± SE¥ % I p value 
~（k；－；→ー 7.s I 9.0 : s.5 ・百六店13.0jl0.5ーっ：円一五I 1川 10.3 I ~－－－－~1 __ ~ 
~j~o；~； nodal ; 142180 l附 801130/66 ! 163 92 180 '13 160／叫町60j 130，作 i155/951140/80 I山土 s[ 100% ［＿一一／／〆
よft~r injuふロ9/75 ！トl』
i Dp 附 8 I附 01叫 81附
I】b 143 70 I 170/75 I 127/70 I 147/65 I 168/90 I 166/90 I 120/62 I 140/73 I 135/65 I 140/85 I 
7玉τ150/5訂7元扇1示志丙0/90~ゐ；副予bふ90I日0/
I Db 150. 54 1168/72 I悶3C庇 1附 5: 1川 22 附 l叫凶 60I 145/70 I凶必／75[ 1附 5
Dp 160／沌［問／80/ 180/64 / 1so；叫 190/1州175/90I 135 85 I 195/1却I152/90 I 1則∞｜ 
山附s I 17叫町60I 1問 I195/108 j山
20 /Lgん：：1一一~~一i Op 児o/98 I 200190 ！ 山平司2…剛oo／ 両日間／~f18W13oi1両
i Db 160178 j則 ＇83i凶 70 1加1/85/ 2却／165I 190/10司145,72 165/94い60/90
｜川 220／山 ！236/1侃12但；go1 220；州町1201180/110 Iη0;30 I i92;1叫 20
! Db 1町 90 i l町剖 Ii臼／75I 194/1051捌 ／170I 180／州凶／75I 160/75 I 153/85 I 160/95 I 175土 91
l川）p一o I叩 51238/95 I捌／110
Db 166'84 I 2凹／1悦i143/55 I 192/98 I剖8/1 店 l凡叫68I 140/72 I i 7o叫 15090 : 















5 11g kg min 
Dp : dopamine 
10 1•g( kg min 
30 11g :kg ・m111 
40 11g 1kg 1min 
15 /'R ’kg min 
















一一一・一一一 Dobutamine(after S-A node in1ury) 
－一一o一一一Dobutamine(control) 
一一－・一一ー Dopamine(after S-A node injury) 
一一－－＜＞－－－－－ Dopamine (control) 
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before S-A 5 1 O 15 20 30 40 μg/kι旬nin
injury iniury 
Control= before injury of the S-A node 
After injury of the S-A node, cardiac output decreased by about 30% 
。fthe pre injury control value. Dobutamine infusion 30 μg/l王g/minraised 
cardiac output about +50% above the control value, while dopamine 15 
pg/kg/min increaed it only + 15%. These post injury data were different 
from the control values obtained before S-A node injury. 
Fig. 3. Cardiac output change with & without S A node injury during 
dobutamine and dopamine infusion 
The left ventricular pressure gradually increased after lidocaine injection in dobutamine 
but not dopamine induced arrhythmia. (Fig. 7 a), b)) 
No hypotension occurred during our experiments. There wer巴 nosignificant hemody・ 
namic differences related to the random order of drug administration. 
Discussion 
Catecholamines are among the most popular drugs used in the treatment of cardiogenic 
low output states. The ideal drug in the treatment of low output state would be one which 
increases cardiac output significantly without causing peripheral vascular constriction or 
cardiac arrhythmia or tachycardia. Some catecholamines which induced arrhythmia and/or 
tachycardia have been difficult to use clinically, and some have even been abandoned. 
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一一ー・一一 Dobutamine(after S-A node injury) 
E・E・－0・・一一 Dobutam1円e(control) 
－一一ー『企一一一一 Dopamine(after S-A node inJury) 




























5-A 5-A 5 10 15 20 30 40μg'kg.1m1n 
before S-A 
injury l円jury 
The heart rate decreased 16.8% after S-A node injury. After catecholamine 
mfusion, the heart rate increased gradually with increasing dosage. Dopamine 
had a stronger chronotropic action than dobutamine. However, neither caused 
seYere tachycardia. The tachycardias were of sinus origin in the control group, 
but were ventricular or multifocal in the experimental group with S A node 
injury. 
Fig. 4. Change in heart rate 
We are interested in the new synthetic catecholamine, dobutamine, which improves 
cardiac output with relatively litle chronotropic and peripheral vascular effect. So relatively 
large doses of dobutamine were given with experimental S-A node injury. Cardiac output, 
blood pressure and heart rate were compared with the values obtained in dogs infused 
with dopamine. 
Experimental S-A node injury caused a low output state, which dobutamine effectively 
and impressively controlled. With litle chronotropic effect, only mild cardiac arrhythmia and 
tachycardia, and a slightly elevated blood pressure, the cardiac output increased satisfac・ 
torily. In these aspects, dobutamine was shown to be superior to dopamine in dogs with 
S田A node injury. 
In the present study, dopamine seemed to induced arrhythmia more easily than did 
dobutamine, with about half the dose. In most cases arrhythmia could be controlled by 
lidocaine injection. Moreover, lidocaine in the treatment of dopamine-induc巴darrhythmia 
caused a relatively lower left ventricular pressure than when it was used in conjunction 
with dobutamine. 

















before SA 5 10 15 20 30 40メJg/kg/min
injury injury 
The systolic pressure dropped about 13.5% after S A node injury. It 
increased after infusion of different doses of dopamine and dobutamine. 
Dopamine raised systolic pressure more than did dobutamine both before 
and after S A node injury. 
Fig. 5. Change in systolic pressure 
In this study, dobutamine was superior to dopamine in dogs with S-A node injury_ 
Although there appeares to be litle benefit in myocardial economy from dobutamine when 
compared with isoprenaline in patients following cardiac surgery17l, unlike dopamine or 
isoprenaline, dobutamine does not rely for part of its action on release of stored catecho-
!amine which may be severely depleted during chronic heart failure or after cardio-
pulmonary bypass. 
Animal studies have demonstrated that dobutamine causes less increase in infarct size 
than other inotropic agents, probably because of a combination of slower heart rate, coro-
nary vasodilatation and maintenance of aortic diastolic perfusion pressure20>. Since both 
heart rate and arterial pressure are major determinants of myocardial oxygen consum-
ption8>23>, dobutamine should be a potentially useful drug in the treatment of low output 
states, especially in coronary heart disease or sick sinus syndrome. Dobutamine may be of 
some special value in patients with sick sinus syndrome when hypotension and/or renal 




15 min later 
D.C. 
5 min later 
D.C. 
10 min later 
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Left panel Ventricular tachycardia 〔190beats/min) was observed 15 minutes after 
initiating intravenous infusion of dopamine (10 μg/kg/min) following S A node injury. 
Middle panel : Five minutes after discontinuing dopamine infusion, heart rate slowed 
(165 beats勺in〕butventricular beats persisted. 
Right panel : Heart rate dropped to 140 beats/min and ventricular beats disappeared 
ten minutes after discontinuing dopamine infusion. 
It is interesting that sinus rhythm reappeared despite injur、ofthe S A node. 
D.C. =Discontinue 
Fig. 6. Arrhythmia induced by dopamine and time-lag after discontinuing infusion 
Some studies on the circulatory effects after open heart surgery have revealed that 
stroke volume is increased only slightly by inotropic agents白rn, and our results confirm 
that observation, especially with dopamine. 
Although lidocaine may abbreviate sinus recovery time and allow entrance block to 
occur in patients with sinus node dysfunction9), no sinus arrest occurred in our experiments 
during lidocaine administration. 
Conclusion 
Dobutamine or dopamine was given to dogs with and without experimental S-A node 
injury. The degree of functional cardiovascular r巴sponseproduced by these two agents was 
compared, and the differ巴ncesdiscussed. Dobutamine is superior to dopamine in causing 
litle fluctuation of blood pressure and less tachycardia and arrhythmia. Since their effect 
on cardiac output is almost the same, we concluded that dobutamine might b巴 aneffective 
agent in patients with S-A node injury, sick sinus syndrome, high ventricular irritability 
state, as in ischemic heart disease, and low output state following cardiac surgery. 
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Fig. 7. Lidocaine was infused simultaneously with dobutamine or dopamine. 
The L VP increased gradually after lidocaine (3 mg/kg) injection in dobutamine 
but not dopamine induced arrhythmia. However, the F AP gradually increased with 
both dobutamine and dopamine infusion. Arrhythmias disappeared ten minutes after 
lidocaine infusion. 
Dobutamine-induced arrhythmia treated with lidocaine〔afterS A node injury) 
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を行ない血行動態の変動を観察した．その結果，ドブ は洞不全症候群 （sicksinus syndrome）を伴なう心
タミン投与によって心拍出量は有意に増加したが，頻 低拍出症候群（lowcardiac output syndrome) Iζ対
脈，不整脈の発生率は低く，血圧の変動も小さかっ しては，ドブタミンはドーパミンよりも安全に使用し
た。 一方ドー ノマミン投与によって心拍出量は同様に有 得る可能性のある薬剤であると思われる。
